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Abstract
Background: In most countries throughout the world the construction industry continues to account for a
disturbingly high proportion of fatal and nonfatal injuries. Research has shown that large enterprises seem to be
most actively working for a safe working environment when compared to small and medium-sized enterprises.
Also, statistics from Canada, Italy and South Korea suggest that the risk of injury among construction workers
decreases with enterprise size, that is the smaller the enterprise the greater the risk of injury. This trend, however, is
neither confirmed by the official statistics from Eurostat valid for EU-15 + Norway nor by a separate Danish study -
although these findings might have missed a trend due to severe underreporting. In addition, none of the above
mentioned studies controlled for the occupational distribution within the enterprises. A part of the declining injury
rates observed in Canada, Italy and South Korea therefore might be explained by an increasing proportion of
white-collar employees in large enterprises.
Objective: To investigate the relation between enterprise size and injury rates in the Danish construction industry.
Methods/Design: All male construction workers in Denmark aged 20-59 years will be followed yearly through
national registers from 1999 to 2006 for first hospital treated injury (ICD-10: S00-T98) and linked to data about
employment status, occupation and enterprise size. Enterprise size-classes are based on the Danish business
pattern where micro (less than 5 employees), small (5-9 employees) and medium-sized (10-19 employees)
enterprises will be compared to large enterprises (at least 20 employees). The analyses will be controlled for age
(five-year age groups), calendar year (as categorical variable) and occupation. A multi-level Poisson regression will
be used where the enterprises will be treated as the subjects while observations within the enterprises will be
treated as correlated repeated measurements.
Discussion: This follow-up study uses register data that include all people in the target population. Sampling bias
and response bias are thereby eliminated. A disadvantage of the study is that only injuries requiring hospital
treatment are covered.
Background
Injuries related to construction work remain a serious
problem worldwide. Although many prevention efforts
and intervention programs have been undertaken [1,2],
it is a known fact that construction workers continue to
carry a particularly high risk of sustaining fatal and non-
fatal injuries. The International Labour Organization
(ILO) estimates that more than 100,000 construction
workers around the world die every year - that is one
person every five minutes [3]. In the European Union
(EU-15 + Norway), workers employed in the construc-
tion sector from 1995 to 2005 showed the second high-
est incidence rate of fatal injuries at work and the
highest incidence rate of nonfatal injuries at work [4].
Yet an overall trend of improvement is worth noting, as
the total number of injuries in construction dropped
16% over the ten-year period. Still, the serious human
and socio-economic consequences of approximately
1,000 European construction workers dying every year
from work-related injuries and the 30,000 getting so
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action [4(year 2005 figures)].
In EU’s strategic plan for reducing the number of
work-related injuries with 25% from 2007 to 2012, the
construction sector is intelligibly stressed as particularly
dangerous. Moreover, small and medium-sized enter-
prises (SMEs) - which according to EU are defined as
enterprises with 10-49 and 50-249 employees, respec-
tively - are considered to be especially vulnerable work-
places in terms of guaranteeing a healthy and safe
working environment [5]. Several studies have underlined
an elevated injury risk in SMEs [6-9]. One obvious reason
for SMEs to be considered such risky and harmful work-
places is that they typically have fewer financial, human
and technological resources available for organization
and management of safety and health precautions. Eco-
nomic survival and economic competition concerns quite
often might override basic health and safety concerns.
Another reason is that SMEs often seem to be lacking
the ability to perform proactive or high-quality risk man-
agement [10-14]. In addition, the owner’sr e l u c t a n c e
towards state regulation of employees’ health and safety
issues seems to be decisive [15]. So in general large enter-
prises seem to most actively make an effort in ensuring a
safe and sound working environment when compared to
small and medium-sized enterprises.
The business pattern in the European Union is com-
posed of 99% SMEs of which 92% are micro enterprises
with less than 10 employees [16]. The investigation of
construction SMEs, and especially micro enterprises, and
their challenges to perform safety and health improve-
ments thus continues to be of utmost importance for
public health. Recent statistics from the European Com-
mission from year 2005 show a higher injury incidence
rate of around 6,500 per 100,000 construction workers in
SMEs compared to an injury incidence rate of 4,700 per
100,000 construction workers in large enterprises. For
fatalities in construction, the incidence rate is around 9
per 100,000 in SMEs while 5.5 for large enterprises [4].
The information obtained through comparisons of
large enterprises (more than 250 employees) and SMEs
(1 to 249 employees) is, however, not very useful in a
Danish context. In Denmark the vast majority of enter-
prises, 92%, employ fewer than 10 workers, but only 2%
employ more than 50 workers [17]. When looking at
the Eurostat injury data for the relation between each
enterprise size and not only SMEs against large enter-
prises in the construction industry, data do not indicate
that injury rates increase with enterprise size among
enterprises with less than 250 employees [4]. In fact, the
reported injury rates among enterprises with 1-9
employees were lower than enterprises with 10-49
employees in each of the studied calendar years (1996-
2005). EU’s injury data, however, are subject to
underreporting because data, in the case of Denmark,
are based on injury reports to the National Labour
Inspectorate exclusively lodged by employers.
Kines & Mikkelsen (2003) attempted to investigate
rates of elevation fall injuries as a function of enterprise
size in the Danish construction industry in the years
1993-1999 [18]. They used the following enterprise cate-
gorization: 0; 1-4; 5-9; 10-19; 20-49; 50-99; and > = 100
employees, yet their results were inconclusive; no
noticeable trend was found. But as was noted by the
authors, the investigation was possibly biased due to an
underreporting of approximately 50% of the injuries.
Moreover, enterprise size was not given in 13% of the
reported injuries. Another problem with the study was
that there was no control for the occupational distribu-
tion within the enterprises. According to Danish
national data, injury rates among blue collar workers are
on average twice as high as they are among white collar
workers [19]. Also, it has been shown that injury rates
differ between occupational categories among blue collar
construction workers [20].
In contrast, three studies do indicate a trend of
decreasing injury rates withe n t e r p r i s es i z ei nt h ec o n -
struction industry valid for the following settings:
Ontario, Canada in the years 1988 to 1993 [21], South
Korea in the years 1991 to 1994 [22], and Italy in the
years 1995 to 2000 [8]. None of these three studies con-
trolled for occupational distribution within the enter-
prises; hence, at least part of the decline in injury rates
might be due to an increasing proportion of white-collar
employees in the larger enterprises.
The primary aim of the present study is to investigate
the relation between enterprise size and injury rates in
t h eD a n i s hc o n s t r u c t i o ni n d u s t r y ,o nad a t as e tt h a ti s
free from reporting bias, while controlling for the occu-
pational distribution within the enterprises. A conditional
aim will be to examine if there is an association between
a change in Danish legislation and injury rates among
construction workers in enterprises with 5-9 employees.
The change, which was implemented from July 1, 2002,
cancelled the requirement to have a safety organisation
for enterprises with 5 - 9 employees and may have
resulted in a higher risk of injury in these enterprises.
While performing the primary analysis, we will take
the opportunity to estimate relative injury rates in the
occupational groups that are included in the analysis. A
special attention will be given to the rates among brick-
layers, carpenters and plumbers whose work environ-
ment we plan to scrutinise in a subsequent project
funded by the same grant as the present work.
Methods/Design
The study is designed as an observational analytical
population study. The population is dynamic (open for
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struction workers in Denmark aged 20-59 years during
the study period January 1, 1999 to December 31, 2006.
The start of the study period coincides with the launch-
ing of the registration of all local workplace units in the
Central Business Register in Denmark - a national regis-
ter which contains primary data on all public and pri-
vate businesses. The end of the study period refers to
the year of the latest statistical returns on workplace
size linked to local workplace unit from Statistics
Denmark.
The subjects are followed one year at a time for first
hospital treated injury during the year. The injuries are
diagnosed on the basis of ICD-10 classification numbers
S00-T98: “Injury, poisoning and certain other conse-
quences of external causes” [23]. Included in the study
are principal diagnoses as concluded either by discharge
from the hospital, or by transfer to another hospital
division.
Data sources and classifications
The Danish Occupational Hospitalisation Register
(OHR) is used to identify injured individuals. Included
in the OHR are all persons who have been a legal/regis-
tered inhabitant of Denmark, aged 20 or more, at one
time or another since 1980. OHR consists of a record-
linkage between three national registers: 1) the central
person register, 2) the national hospital patient register,
and 3) the employment classification module.
The central person register contains information on
gender, addresses, and dates of birth, death and migra-
tions for everyone registered as living in Denmark some-
time from 1968 to present.
The national hospital patient register contains data
from all public hospitals in Denmark. Patient diagnoses
have been coded according to the international classifi-
cation of diseases version ten (ICD-10) since 1994. Since
1995, the register has covered all inpatients, outpatients,
and emergency ward visits [24]. Relevant for the present
study is that, in the follow-up period, no private emer-
gency wards existed in Denmark, and that less than 1%
of all planned surgery on in- and outpatients took place
in private hospitals [25].
The employment classification module contains
annually registered information on a person’si n d u s t r y ,
occupation, and employment status from 1975 onwards
[24]. For the time-period spanned by the present study,
the industries were initially coded according to the 1993
and then to the 2003 version of the Danish Industrial
Classification of All Economic Activities [26,27]. These
classification systems are national versions of the Eur-
opean Industrial Classification of All Economic Activ-
ities (NACE rev. 1). NACE rev.1 divides industries
hierarchically into 17 level-1 sections identified by
alphabetical letters A to U; 60 level-2 divisions identified
by two-digit numerical codes (01 to 99); 222 level-3
groups identified by three-digit numerical codes (01.1 to
99.0), and 503 level-4 classes identified by four-digit
numerical codes (01.11 to 99.00). In the present study
only levels 1 and 2 are used; at level 1, the letter “F”
refers to the construction industry and its level 2 num-
ber is “45”.
The occupations in the employment classification
module were coded according to DISCO-88 [28], which
is a national version of the international standard classi-
fication of occupations (ISCO-88) [29]. DISCO-88
divides the occupations hierarchically into 10 major
groups; 27 sub-major groups; 111 minor groups, and
372 unit groups. Included in the present study are the
major groups related to manual construction work:
group 7 “C r a f ta n dr e l a t e dt r a d e sw o r k e r s " ;g r o u p8
“Plant and machinery operators and assemblers”,a n d
group 9 “Elementary occupations”.
OHR-data of each injured individual will be linked to
the latest national statistical returns of workplace size
and local workplace unit. The statistical returns are
assessed by Statistics Denmark every year in week 48, i.
e. the last week in November, and imply that the
employment data about each injured individual in the
population stem from the year before the hospital treat-
ment of the injury. Data about workplace size identifies
the number of employees in addition to the owner of
the workplace. Data about workplace unit identifies the
local workplace unit where the injured individual was
mainly carrying out his job. The local workplace unit
can be the exact same as the mother enterprise unit, or
it can be a unit belonging to the mother enterprise, but
with a different geographical location and therefore with
a different unit number. If a person worked in more
than one place, which is often the case for construction
workers, the local workplace unit is taken to be the
workplace from where instructions emanate, or from
where the work is organised.
R e c o r d sa r el i n k e db ym e a n so fau n i q u ep e r s o n a l
identification number and are kept at Statistics Den-
mark. Researchers are authorized to use data with
encrypted personal identification numbers, and it is
secured so that no analyses identifying any person or
enterprise can be transferred outside Statistics Denmark.
Study population
Inclusion criteria for the study population are:
￿ main employment in the construction industry
(NACE code = ‘45’);
￿ employment status as employee or self-employed,
that is with the highest income as such during the
year;
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7, 8 or 9);
￿ age from 20 to 59 years - the former time limit
d u et oa v a i l a b l eO H R - d a t af r o mt h ea g eo f2 0 ;t h e
latter time limit due to the possibility of job release
scheme from the age of 60;
￿ male worker - the women will be left out of the
study since they constitute less than four percent of
the blue-collar workers of the construction industry.
A person enters the population as soon as all of the
above criteria are fulfilled, and departs whenever they
are no longer met.
Statistical analyses
Ap e r s o nw i l lb e c o m eac a s eo n c er e c e i v i n gap r i n c i p a l
diagnosis in the ICD-10 interval S00-T98 ("injury, poi-
soning and certain other consequences of external
causes”) according to the OHR. For any given calendar
year, a person will be censored at the time he becomes
a case, emigrates or dies. Time-dependent dummy vari-
ables are used to categorise the manual workers into
micro enterprises (fewer than 5 employees), small enter-
prises (5-9 employees), medium-sized enterprises (10-19
employees), and large enterprises (20 or more employ-
ees). A person’s work category during a certain calendar
year is determined by his enterprise association accord-
ing to the population census performed in the end of
November the preceding year.
The null hypothesis stating that “the injury rates
among workers are independent of enterprise size” will
be tested. If this first null hypothesis is rejected meaning
that the observed injury rates most likely depend on
enterprise size, a second null hypothesis will be tested.
This second null hypothesis will test if “the relative rate
of injury among workers in enterprises with 5-9 employ-
ees compared with other workers is independent of time
period (January 1, 1999 - June 30, 2002 versus July 1,
2002 - December 31, 2005)”. By this, it shall be tested if
it can be assumed that the legislative change that took
place in Denmark on 1 July, 2002, which cancelled the
requirement of having a safety organisation in enter-
prises with 5 - 9 employees, did not have any effect on
the injury rates among the workers in enterprises with
5-9 employees.
To deal with intra-enterprise correlations, a multi-
level Poisson regression will be used to model the out-
come, where the enterprises will be treated as the sub-
jects while observations within the enterprises will be
treated as correlated repeated measurements.
The analyses will be controlled for age (five-year age
groups), calendar year (as categorical variable) and occu-
pation. Occupation unit groups are: Bricklayers and
stonemasons (DISCO-88 = 7122); Carpenters and
joiners (DISCO-88 = 7124); Plumbers and pipe fitters
(DISCO-88 = 7136); Electricians (DISCO-88 = 7137);
Painters and wall-paper workers (DISCO-88 = 7141);
Unskilled manual workers in construction workers
(DISCO-88 = 9313).
The analyses will be performed by use of the GEN-
M O Dp r o c e d u r ei nS A Sv e r s i o n9 . 1 .O n l ym a i ne f f e c t s
will be considered. The empiric standard error estimates
will be used and an exchangeable correlation structure
is assumed. The significance level will be set to 0.05.
Table 1 shows the rate ratios and 95% confidence inter-
vals that will be calculated.
Discussion
Since this is not a randomized study, we cannot rule out
that selection into the enterprises may influence the
estimates in the sense that cautious people, for example,
might prefer employment in large enterprises where
safety more often seems to be a priority and different
regulatory requirements for safety leads to fewer risk
situations. Whereas more reckless people who care less
about the potential dangers, or may thrive better with
their own risk perception as they themselves decide
when to take precautions relative to safety, might prefer
employment in small enterprises where fewer legal
requirements for safe work must be respected. The
effect of enterprise size would then be intensified by the
effect of personality type and would bias the estimates
away from unity. Conversely, a selection bias towards
unity would be the case if, for example, an owner of a
micro enterprise focuses on avoiding human and eco-
nomic losses caused by work-related injuries and there-
fore is carefully seeking to recruit diligent workers.
Moreover, workers in a micro enterprise are probably in
closer contact to the management (or owner) compared
with those working in a large enterprise and such a
close proximity would make it easier for the manage-
ment to detect risky behaviour in the workplace and dis-
miss it before injuries occur. We believe, however, that
our study group is far more homogeneous than those in
most other occupational risk studies and this may coun-
teract potential selection bias. All of the included work-
ers are manual workers belonging to the same industry
a n dm o s to ft h e ma r eb e l o n g i n gt ot h es a m eo c c u p a -
tional class (skilled workers). The exception is the occu-
pational group ‘unskilled construction workers’, but this
will be controlled for in the analysis.
The Occupational Hospitalisation Register is free of
reporting bias. All hospital contacts are registered, and
there are virtually no missing principal diagnoses. This
can be contrasted with two alternative national data
sources held by the Danish Working Environment
Authority and the National Board of Industrial Injuries,
respectively, to whom merely 45% of all work-related
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study is that we have identification numbers on the peo-
ple as well as the enterprises, which enables us to take
intra-enterprise correlations into account. Since the
local workplace unit number is based on each geogra-
phically bounded production unit, this study provides
more precise information about workplace size than the
mother company number which merely sums up the
number of employed for all subordinated workplaces.
The study is further strengthened by its sample size,
which will afford sufficient statistical power to the var-
ious hypothesis tests.
A disadvantage of the Occupational Hospitalisation
Register is that it leaves out injuries that do not need
hospital treatment. Another disadvantage is that we
have annual but not daily information about occupation
and enterprise. Enterprise association at the time of the
injury might be different from the enterprise association
in the end of November the preceding calendar year
and the occupational category might change during the
course of the year. We believe that most of the occupa-
t i o n a lc a t e g o r i e sa r eq u i t es t a b l es i n c ew ea r ed e a l i n g
with skilled workers. It would, for example, be unlikely
that a trained carpenter would shift into a brick layer
trainee in the course of a calendar year. The construc-
tion industry is, however, known for its high turnover
rate [31]. Within a calendar year, a worker in a small
enterprise might, for example, move to a large enter-
prise, where he is injured. According to our model, such
an injury would erroneously be classified as having hap-
pened in a small enterprise. The size of an enterprise
may also change during a calendar year. All such
changes would bias our estimates toward unity; from
this perspective, the estimates should be regarded as
conservative. As such, we hope that our study will con-
t r i b u t et oab e t t e ra s s e s s m e n to fr e l a t i v ei n j u r yr a t e si n
small and medium-sized enterprises.
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List of abbreviations used
SMEs: Small and medium-sized enterprises: Firstly, the term “SME” contains
micro, small, and medium-sized enterprises. Secondly, in this study the
distinction of the enterprise size-classes is based on the Danish business
pattern: Micro enterprises include the self-employed and enterprises with
fewer than 5 employees, small enterprises have 5 to 9 employees; medium-
sized enterprises have 10 to 19 employees; and large enterprises employ at
least 20 persons. In a European context, SMEs are distinguished as: Micro
enterprises with fewer than 10 employees, small enterprises with 10 to 49
employees, and medium-sized enterprises with 50 to 249 employees [16];
EU: The European Union. At present (2010), EU has 27 member states. By
2004, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta,
Poland, Slovakia, and Slovenia joined the EU. By 2007, Bulgaria, Romania
joined the EU; EU-15: Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden
and the United Kingdom; ICD-10: International Classification of Diseases
version number 10. ICD-10 was endorsed by the Forty-third World Health
Assembly in May 1990 and came into use in WHO Member States as from
1994; OHR: The Danish Occupational Hospitalisation Register; DISCO-88:
National version of the international standard classification of occupations
(ISCO-88); NACE rev. 1: Statistical classification of economic activities in the
European community from 1 January 1993. The word NACE is a French
acronym for “Nomenclature generale des Activites economiques dans les
Communautes Europeennes”, the first classification from 1970 covering the
whole range of economic activity.
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